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1.  Abstract 


Based on extended observation of the bridge navigation team on a ship of the U. S. Navy, Hutchins (1995) argues that it is useful to think of communication within a team as distributed cognition.  Clark (1997) carries this idea further, based on his own observation of complex motor control, perceptual and cognitive processes, and proposes that human cognition be defined as both extended beyond the biological individuals, to include our cognitively-motivated re-organizing of the physical environment, and distributed across collaborative work groups.  Cook (2000) shows that play, especially language play, is neither restricted to children nor restricted to the competitive forms of play that dominate many prior accounts (e.g., Huizinga 1955; Malaby, 2006; 2007).  


In this study, the collaboration (and sometimes competition) leading up to the discovery of the double helix is examined for evidence of extended and distributed cognition as well as play, both in the sense of competitive play and in the sense of simple playfulness.  I analyze the search for the molecular shape of DNA from the perspective of contemporary cognitive theory, drawing on the accounts of James Watson (1968) and other participants (Crick 1988; Wilkins 2005; see also Sayre 1975).  The purpose is to use this episode as a basis for examining the cognitive and interactional dynamics of a prolonged (and widely-discussed) episode of distributed cognition, as seen through the retrospective accounts of participants.   

2.  Introduction

I have never seen Francis Crick in a modest mood.  Perhaps in other company he is that way, but I have never had reason so to judge him.  It has nothing to do with his present fame.  Already he is much talked about, usually with reverence, and someday he may be considered in the category of Rutherford or Bohr.  But this was not true when, in the fall of 1951, I came to the Cavendish Laboratory of Cambridge University to join a small group of physicists and chemists working on the three-dimensional structures of proteins (Watson 1968: 16).  

The discovery of the double helix structure of the DNA molecule is a prime example of both extended cognition (Clark 1997) and distributed cognition (Hutchins 1995).  In large part due to the refreshingly candid (inappropriately candid according to some critics) autobiographical reminiscences of James Watson (1968), one of the discoverers, it also provides an unusual insight into the social and emotional experience of science.  Watson’s account stimulated several others to write their own accounts, the cumulative result of which is a fascinating study in the retrospective reconstruction of culturally significant events.  


In his controversial account of the events leading up to the discovery, Watson shuns the more conventionally heroic reconstruction of a great discovery as an orderly process of reasoning from known facts to new observations, then to logical conclusions.  Watson chooses instead to focus on the “very human events in which personalities and cultural traditions play major roles,” and to “convey the spirit of an adventure characterized both by youthful arrogance and by the belief that the truth, once found, would be simple as well as pretty” (p. ix).  Watson approaches the telling of the story just as he would have us believe he approached the discovery itself, in a grand spirit of play – heedless at times, often thoughtlessly cruel, but always true to the spirit of adventure for its own sake.  


As such, Watson’s account affords a singularly valuable opportunity to investigate the interaction of two senses of the phrase, “social cognition.”  In the sense of cognition that is accomplished in part by way of communication within a social network, social cognition is very similar to what Hutchins (1995) and Clark (1997) call “distributed cognition.”  In the more conventional sense of cognition about social relationships and processes, social cognition is essential to the constitution and maintenance of the social network itself.  In this essay I use Watson’s biographical account of the discovery of the double helix to argue that these two senses, social cognition and social cognition, are complementary aspects of a single complex process, and to explore how play (in both the sense of competitive play and the whimsical or atelic sense of delight in an activity for its own sake) can contribute to both aspects of social cognition.  


In the following sections I will provide a brief discussion of the concepts of extended and distributed cognition.  I will then provide a brief explanation of the multiple concepts of play and their place in human social and intellectual life.  Because Watson’s account was written in what appears to be a spirit of playfulness – but was not universally received in the same spirit (see, for example, Sayre, 1975; Wilkins, 2005), the language he used, both his phrasing and his choice of a mock-heroic presentation, will also require attention throughout.  I will also examine the social cognitive processes involved in the discovery of the double helix, drawing on James Watson’s account, with frequent comparisons to other accounts, which have been subsequently written from other perspectives.     

3.  The madness to my method


Before turning to theoretical and conceptual issues, a methodological caveat is in order.  Research with human beings and their relational interactions is like peering through a warped lens into an unknown and distant landscape.  We can never know exactly how the lens is warped, so we can never know exactly how the view it affords us has been distorted.  Part of the game is to attempt to understand the lens even as we attempt to understand what we believe we see through it.  Thus, if we are to rely on an account which Watson himself (1968: ix) admits to be, at least in places, “one-sided and unfair,” then we must devote some attention to the account itself, even as we attempt to understand what it reveals to us.  Fortunately, we have other lenses, each distorted in a different way, which we can compare with Watson’s account.  We can also examine the form and language in Watson’s own account from a more general theoretical perspective.  The objective is not to construct anything like a “true” account of what actually happened, but rather to gain insight into the cognitive and social processes of people, both as they engaged in an extremely difficult cognitive endeavor, and as they retrospectively reconstructed their social and cognitive processes.  

4.  The Double Helix:  Background  


In 1951 James Watson, a brash young biologist from the American Midwest, sporting a newly-minted PhD and a combination of playfulness, open curiosity and burning ambition, invaded the relatively staid world of post-war British academic science, joined forces with Frances Crick, an older and more experienced, but equally brash English physicist-turning-biologist, and set out to capture the (figurative) prize of discovering the structure of DNA and the (literal) prize subsequently handed out by the Nobel Foundation to the discoverers.  Sixteen years later, in response to the urging of several colleagues, Dr. Watson set forth a lively, very unconventional, and at times scandalous account of the discovery and various events leading up to it.  Unlike many accounts of scientific discovery, Watson’s account makes no attempt to depict scientists, their activities, or their relationships in lofty or heroic terms, or to soften the edges of his own youthful prejudices and indiscretions.  Indeed, Watson’s account has been severely criticized for the excessive candor with which he recalls both his own foibles and that of his fellow adventurers – and for the careless cruelty with which he describes the male scientists’ (and particularly his own) treatment of Rosalind Franklin.  


The Double Helix combines elements of a picaresque novel with elements of a buddy novel; on another level it reads like a good mystery (Crick 1988).  The author disarmingly confesses his own laziness about learning basics such as organic chemistry (and the technical ineptitude that, he tells us, got him barred from the organic chemistry lab).  He also confesses to being distracted by thoughts of Rosalind Franklin’s physical appearance when he should have been taking notes on her lecture, forgetting crucial details because he had not learned enough of the underlying physics and mathematics to recognize their importance, and neglecting the research specified by his fellowship grant while pursuing a completely different line of inquiry.  These confessional asides, sprinkled throughout the book, can be interpreted as modesty – or as a form of bragging-by-understatement.  Either way, they are quite contrary to our view of the scientist as a genius devoted solely to amassing facts and forming them into brilliant theories, who rarely if ever stumbles or falters.  On another level, Watson’s racy account is wholly consistent with Clark’s (1997) contentions that the human brain excels not in its ability to solve problems but in its ability to organize the world into the kind of problem it can solve.  Even if we allow for some degree of post-adolescent bragging, it still supports a remarkably original account of intellectual work and its relationship to everyday life.   

5.  Extended and distributed cognition 


In recent years there has been increasing criticism from within cognitive science of the classic view of mind as essentially disembodied and communication as essentially a process of encoding, transmitting, and decoding determinate meanings.  Until recently the standard view, at least within the cognitive sciences, represented human cognition as a process that is distinct from and logically separable from both the human body and the surrounding environment.  The obvious metaphoric comparison is with a computer CPU, which receives input from sources such as keyboard and mouse, retrieves data from a “memory” device, performs certain operations, and transmits “output” to the memory device or to a destination such as a CRT or printer.  Pursuing this metaphor, the logical operations conducted in the human brain are thought to be independent of the actual biology of the brain, with the implication that the cognitive essence of humans, their minds and personalities, could be “downloaded” into a more durable and less vulnerable medium with no difference in functionality.  Similarly, social interactions are metaphorically mapped, within this model, onto “networked” computers, each performing its computations independently of the others, then transmitting and receiving only the completed products of these computations. 


This model has recently come under criticism from several sources.  Barsalou (1999; 2007) argues forcefully against a primarily amodal theory of human cognition, and proposes in its place a model based on a conceptual neural system that parallels and partially simulates the activities of the perceptual neural system.  Barsalou’s model of cognition as perceptual simulation is supported by extensive investigation of neural activation during language processing (Gibbs 2006).  Research in cognitive linguistics has raised serious doubts about “code” and “conduit” metaphors for language (Reddy 1993), and produced evidence that much of language is itself fundamentally ambiguous.  What is emerging from the rapidly accumulating body of evidence is a model of language and communication generally as ambiguous, biological and embodied. 

  
Andy Clark (1997) argues against the implicit isolation of the brain from its physical environment, and proposes instead that human cognitive activities integrate at every step not only the extended physical body but also the physical features of the external environment.  Clark observes that the human brain is in fact not very good at computation, and suggests that what the brain does best is rearranging the external environment in a way that is suited to the its own limited capacities, in a process of extended cognition.  An innovative study by Hutchins (1995) lays a foundation for extending these concepts into the realm of social interaction.  Based on observation of the bridge navigation team on a ship of the U. S. Navy, Hutchins showed that the knowledge and cognitive processes required both for routine computation of the ship’s position and for recovering from a lost gyrocompass crisis were distributed across the entire team.  Building on Hutchins’s work as well as on his own observation of complex motor control processes, including those of a human infant learning to walk, Clark (1997) proposes that human cognition be defined as both extended beyond the biological individuals, to include our cognitively-motivated re-organizing of the physical environment, and distributed across collaborative work groups.  


The phrase, social cognition, is ordinarily taken to mean something like individual cognition about social relationships, but the work of Clark, Hutchins, and others in the forefront of contemporary cognitive thinking suggests that it can also be meaningfully taken to mean something like cognition that occurs across and by means of social interactions.  If cognition does occur, at least in some circumstances, by means of communication within social relationships, then the cognitive processes through which these social relationships are established and maintained are integral to distributed cognition.  Thus, the two senses of the phrase, social cognition, must be understood as parts of a single complex concept, and understanding the cognitive or “computational” processes requires equal attention to the social and communicative processes. 

5. Social Cognition in Maintenance of Extended Cognition


Dunbar (1996) proposes a view of language, and of the evolution of language, that turns conventional views upside-down, suggesting that the exchange of information is secondary, and the maintenance of social structure is primary.  Dunbar begins with grooming behavior in other primates, particularly chimpanzees.  He notes that chimpanzees and baboons, for example, use grooming to build and maintain social coalitions, and that this one-on-one physical grooming supports primary groups with a maximum size of around 50.  Citing findings that 60-70% of all conversations, among men as well as women, is centered around “gossip” (conversation about relationships and about other people), and that the size of primary groups among humans, in virtually all cultures, is around 150, Dunbar suggests that a primary function of language is to allow humans to engage in grooming-like behavior with up to three other people at once and, equally important, to acquire information about social structure within an extended group through gossip – conversation about others’ relationships.  This conclusion, Dunbar claims, is also supported by the fact that the ratio of neo-cortex to body mass in humans is about three times the ratio among chimpanzees and baboons. 


Dunbar claims that language evolved primarily for its social function, its ability to extend the social-facilitative and organizing function of grooming in support of much larger primary groups.  However, Dunbar’s evidence is equally consistent with a number of other accounts of language evolution, including the idea that language evolved as a by-product of the development of cognitive abilities including abstract conceptualization and a “theory of mind,” and was pressed into service as an extension of physical grooming behaviors.  The fossil record affords at best only indirect evidence to support or contradict these various accounts of cognitive evolution, and for our purposes what matters most is that language – talk – apparently does support a complex array of processes, including both social organization and the transmission and exchange of data. 

5.1.  Play  

Of no less importance, language also supports an extension and elaboration of a cognitive function that is observed in all mammals as well as many other species:  play.  Watson describes many instances of what seems very much like play, and the tone of his account is playful throughout.  Play is itself a complex concept.  Playful behaviors, like grooming in other primates and gossip among humans, often serve social facilitative and social organizing functions.  Among other mammal species, mock combat not only prepares the juvenile for the more serious combat in which adults establish and maintain a position in the group’s social hierarchy (and secure mating opportunities); it may also establish the juvenile animal’s position in an emergent hierarchy that will carry over into adulthood (Fagen 1995; Bateson 2005).  Among humans, competitive games, particularly competitive team games, help the child develop and practice a behavioral repertoire that will be of obvious use in the modern capitalist economy.  By turns, the child may practice being both a “team player” and, perhaps, a “leader” (Cook 2000).    


But play, like grooming, is also intrinsically rewarding.  Just as grooming behavior among other primates releases pleasurable opioids that reinforce the social bonding effect, playful behavior among all animal species also release opioids:  the chance to play is itself a motivation that can be as effective as food in conditioning experiments among rats and other laboratory species (Fagen 1995).  Among humans, smiling and laughing also release reinforcing opioids, and both joking and wordplay figure prominently in the social-facilitative talk Dunbar calls “gossip.”  


Theories of play have tended to focus on young children (e.g., Bateson 2005), and emphasize the extrinsic, survival-related purposes of play (e.g., Fagen 1995; Bateson 2005).  Among human juveniles, we can add to this list of skills built by play the rehearsal of language and other communicative skills, and the honing of cognitive skills such as object constancy and perspective-taking (Cook 2000).  Discussions of adult play have tended to emphasize alea (games of chance) and agon (struggle), the competitive elements in play (e.g., Huizinga 1955; Malaby, 2006; 2007) at the expense of whimsical, “just for fun” elements (whimsy).   Cook (2000) identifies several other categories of play, including  mimicry and ilinx, the feeling of vertigo or giddiness that accompanies, for example, riding a merry-go-round or sky-diving, as well as the feeling of “flow” theorized by Csikszentmihalyi (1980), that comes from engaging well-honed talents and skills.  


At least among humans, both children and adults play alone as well as socially; solitary play includes elaborate fantasizing, solving puzzles, playing with objects, and even engaging in word-play (Apter, 1991).  Other primates have also been observed engaging in solitary play, for example enacting nurturing type play with stones, sticks, and other inanimate objects, manipulating both natural and (in zoos and animal research centers) human-provided objects.  Humans are by no means the only species to use toys for the intrinsic pleasure they provide, but we excel at devising elaborate toys, and we have extended the invention of toys to include the playful distortion of language.  


Language play, by adults as well as infants, includes exploitation and distortion of every feature of language, phonology, lexis, and grammar (Carter, 2004; Cook 2000).  Poetry makes use of phonology in its use of rhyme, alliteration, and rhythm, of lexis and grammar in double entendres as well as in metaphors, metonyms, and irony.  Each of these elements is also apparent in the nonsense rhymes, nursery rhymes, and other word play heard on playgrounds everywhere, and in the playful talk of adults.  Puns, like poetry, require that words be chosen, not so much for their meaning as for their formal qualities, often independent of meaning.  In nonsense rhymes such as “The Owl and the Pussycat,” discussed at length by Cook the entire “story” is developed according to the requirement of the rhyme scheme rather than following any objective sense.  “The fiction thus created… seems to incorporate a wild and random element, to be controlled by language itself rather than by reality or the will of the writer” (Cook 2000).  Adoption of a rhyme or alliteration scheme, a meter, or any other formal “rules” for composing a narrative, poem, or even a joke inverts the usual relationship of language to reality and creates a new realm of possibilities and imagination.  Cook suggests that, as language is more fully mastered, its possibilities become more constrained by meaning, and claims that this explains at least in part the sense of adulthood as a time when the magic of childhood is lost.  But this is perhaps an overly dreary view of adulthood:  It is equally plausible to view adulthood as a time when we constrain and elaborate the “magical” subversion of language and logic by inventing ever-more complex rules for our subversions of ordinary meaning and sense, and use these rules not to suppress but to enhance the “magic” of playful reality-subversion (Ritchie 2005; Ritchie & Dyhouse, 2008). 


Extending Cook’s idea about the subversion of ordinary reality through play in a different direction suggests that playfulness – not merely competition, but also whimsy – may contribute in important ways to creativity.  This is immediately apparent in language, but it also applies to other forms of play, such as puzzles and other object play.  Lakoff and Johnson (1980) argue that complex concepts are often built up by combining simple conceptual metaphors that are themselves based on experienced correlations between different kinds of sensory perceptions.  The kinds of language play Cook describes, in which ordinary reality is deliberately subverted and new realities created through application of incidental rules (rhyme in the case of “The Owl and the Pussycat,” sound in the case of alliteration or puns), can be extended to the other arts, such as dance or architecture.  But I will argue in the following that a similar kind of subversive element may be present in many forms of “intellectual play” beyond language – including the “intellectual play” of mathematicians and theoretical scientists (see for example Byers, 2007).  Play with objects provides a missing impetus for Andy Clark’s ideas about reconstructing the world in a form our brains can compute – simultaneous play with objects and with ideas, play for its intrinsic pleasure, provides a mechanism that dispenses with teleology.  Object play is probably not coincidental to, but rather integral to creative thinking.  


There has been a tendency among play and humor theorists to emphasize the competitive, even combative, elements in adult play, as if somehow that makes play activities more acceptable as an occupation for adults (Malaby, 2006; 2007).  Adult play often does have a strongly competitive element, as demonstrated by card games, board games, and organized sports.  But Kohn (1986) cites extensive evidence that humans, including adult humans, often prefer forms of play in which the competitive element is minimized or suppressed altogether.  Moreover, humans also play with competition itself, and indeed with every aspect of our life, including relationships, religion, and, I will argue, science. 


One final caveat:  The word, play, has a benign sound and evokes a sense of joy and pleasure, but play is neither necessarily nor exclusively benign.  The play of a cat with a bird or mouse has a decidedly cruel edge to it, and we humans are also equally capable of playing with other people’s lives and, much more frequently, with their emotions and their social reputations.  Watson’s use of the name Rosie for Rosalind Franklin seems to be motivated far more by a spirit of playfulness than of spite, but the play is within his own team, at the expense of Dr. Franklin, and for all its playfulness is nonetheless potentially quite cruel in its effect (Sayre 1975).  

5.2.  Perceptual Simulators and Play.  

Barsalou (1999; 2007) proposes that thinking is accomplished by partial simulations of actual perceptions; for example, a person thinks of a cat by simulating perceptual features strongly associated with the concept of cat, based on past experiences with cats.  Perceptual simulators are organized into schemas on the basis of correlations among underlying perceptual experiences; for example, a cat schema includes links to simulators of sound (purring and so forth), the feeling of a cat’s fur, claws, weight, and body warmth, emotional responses to previously encountered cats, and narratives involving cats.  The cat schema also includes links to the word “cat,” and weaker links to associated words and concepts, such as “feline,” “pet,” and “carnivore.”  Hearing or glimpsing a cat partially activates the schema, including the word “cat.”   Conversely, recognition of an animal as a cat or not a cat involves partially activating perceptual simulators linked to the cat schema and comparing the ensuing simulations to the actual perceptions.  


Language use routinely involves many areas of the brain, and there is substantial evidence that simulations of muscular action and internal states, along with perceptions of pressure, vision, and so on, are activated as relevant language is processed (Gibbs 2006).  Conversely, these perceptual sensations are also interconnected in elaborate networks or schemas with each other and with related language (Barsalou, 2007).  Schemas for commonly-encountered objects and experiences include simulators for associated qualities, emotional and physiological responses, aspects of perception, and cultural associations.  When a word or concept is encountered, many if not all of the associated simulators, including more or less weakly connected words, are briefly activated; those that are not relevant in the current context (do not readily connect to other schemas currently activated in working memory) are suppressed before we can even become conscious of them (Gernsbacher, et al. 2001; Kintsch 1998).  


Expressive language, including word-play and humor as well as metaphors, may activate a multitude of emotional and introspective simulations – often these may figure more importantly in the way people interpret utterances than the primary meanings (Ritchie 2006; 2008).  Words, phrases, and other language elements may be chosen because of their ability to activate one set of simulations, but they may activate a different and unanticipated set of simulations in some hearers and readers, often with consequences that may not have been either intended or desired by the speaker or writer.  A key aspect of figurative language, such as metaphor, is the enhanced activation of secondary associations, which then connect with other concepts in working memory in novel ways (Ritchie 2006; 2008).  

6.  The Double Helix:  Science as play.  

As Watson admits in his preface, The Double Helix is incomplete and one-sided, but it nevertheless provides a surprisingly detailed account of the intricate warp and woof of social and cognitive processes through which the intricate puzzle of the double helix was solved.  In this section, I will consider the evidence furnished by Watson’s account in detail.  In following sections, I will review the evidence from retrospective accounts by other participants, some of which supports and some of which contradicts various aspects of Watson’s narrative.  I will then return to the question of how social cognition, in the sense of cognition about social relationships, interacts with social cognition in the sense of socially distributed information processing.  

6.1.  The narrative  

The spirit of play – including Watson’s playful self-deprecation as well as his manner of mixing playful insults with compliments in his descriptions of others – is apparent from the very beginning of The Double Helix.  In the Preface, apparently written after initial drafts of the book had elicited a storm of criticism that nearly led to cancellation of the book, Watson describes the narrative as an attempt “to re-create my first impressions,” and admits that the result is neither as objective nor as fair as a more balanced narrative might be, but justifies his approach as conveying “the spirit of an adventure characterized both by youthful arrogance and by the belief that the truth, once found, would be simple as well as pretty” (1968: ix [emphasis added]).  The spirit of adventure pervades the entire account, and in many ways places it more in the genre of Treasure Island or Huckleberry Finn than of conventional science writing.  The resulting blend of science biography with adolescent adventure yarn is itself an example of language play, play with both literary and intellectual forms, play that deliberately violates standard assumptions about intellectual biography and, as a consequence, also violates standard assumptions about intellectual work.  Indeed, it seems very likely that Watson’s inversion of the ordinary assumptions about scientific autobiographical writing is at least partly responsible for the negative reactions to the book.  


Repeatedly, Watson frames the enterprise as an extended game.  He introduces and emphasizes a spirit of competition, for example on page 37, “Within a few days after my arrival, we knew what to do:  Imitate Linus Pauling and beat him at his own game.”  But he also freely admits that other players did not seem to be nearly as obsessed with the competitive spirit of the endeavor:  “Rosy did not give a hoot about the priority of the creation of the helical theory and, as Francis prattled on, she displayed increasing irritation” (1968: 66).  Franklin’s lack of interest in the boyish competition seems to have fed into Watson’s casually sexist remarks about her inasmuch as it put her outside the “game,” outside the “grand adventure” and into the “serious world” of conventional science.  In their subsequent accounts, both Crick (1988) and Wilkins (2005) down-play the competitive aspects of the endeavor in favor of the more conventional “for its own sake” account of scientific inquiry.  


The description with which Watson introduces Frances Crick, his collaborator (quoted at the beginning of this essay) is itself telling:  Here and in a number of other places throughout the book he portrays Crick in Rabelaisian terms, a rebellious genius, a kind of intellectual Huck Finn to Watson’s Tom Sawyer.  Watson complements his anti-heroic portrait of Crick by constructing a different sort of anti-hero image of himself as a naïve Midwestern bumpkin, describing with frankness that verges on relish his own ineptness with girls, his bouts of intellectual laziness, his failure to remember crucial information from Franklin’s lecture.  That these reminiscences are committed to print after winning the Nobel Prize on Physiology or Medicine lends them an air of irony that seems deliberate (but may not be).  Again, it is instructive to compare this with Crick’s self-characterization, in which at several points he asserts his own ignorance, both as explanation for his ability to make a radical change in career focus (Crick 1988: 6) and as an explanation for crucial mistakes (1988: 65).  

6.2.  The structure of the game  

Throughout Watson’s account, it appears that several elements of play are intermingled.  The “just for its own sake” of what I call whimsy, the pure delight in the activity of science, and the closely-related intellectual play of solving a very difficult puzzle, which are present throughout, neatly fit Apter’s (1991) description of play as paratelic.  In parallel with these themes, Watson repeatedly interjects the sense of competition, of a race for a prize, that (Watson claims) was shared by Crick, and as nearly as we can tell from Watson’s account, by Linus Pauling.  Wilkins (2005), on the other hand, flatly denies the role of competition, and Crick (1988) downplays the spirit of competition – and denies that either he or Watson thought much if at all about the possibility of winning the Nobel Prize.  Sir Lawrence Bragg, Director of the Cavendish Laboratory where Crick and Watson did much of their work, did not appear to give the competition for the structure of DNA much importance, apparently in part because he regarded it as a distraction from other work and in part because he did not take seriously the possibility that they might succeed. (It must also be noted that the consensus at the time did not favor DNA as the basic stuff of heredity; that insight followed rather than preceded the discovery of its structure.) 


Rosalind Franklin, also at King’s College, gave the “race” no importance at all.  Both from Watson’s account and from other evidence (Crick 1988; Sayre 1975; Wilkins 2003), it appears that Wilkins, and possibly Franklin, were at least in part distracted by their implicit competition for control of DNA research in the laboratory at Kings College.  This was in part due to ambiguities created by John Randall, who hired Franklin as Wilkins’s equal but worded his directive to Wilkins in a way that allowed Wilkins to conclude that she had been hired as his assistant (Sayre 1975; Wilkins 2003).  Watson heard of this dispute from Wilkins before he had met Franklin; it seems likely that his ready acceptance of Wilkins’s point of view was abetted by his own tendency to view the quest for the structure of DNA in terms of a team sport metaphor and his consequent desire to recruit Wilkins onto their team as much as by the casual sexism that was rampant in the 1950s.  


It appears that Watson and Crick hit it off from the first, and their ready amity was reinforced by their mutual interest in solving the puzzle posed by DNA – and in capturing the prize of discovery (again, Crick down-plays the importance of the “prize,” emphasizing instead the more conventionally acceptable motivation of curiosity).  The boyish quality of this relationship is evident throughout The Double Helix in Watson’s descriptions of their frequent forays to pubs and parties where they could meet au pair girls, and in his accounts of Crick’s enthusiastic bragging about their impending conquest of DNA in coffee-rooms, at dinner parties, and wherever else they could find an audience.  Wilkins’s ambiguous social position with respect to this team is somewhat ironically captured by the title of his (2005) autobiography, The third man of DNA
  Working in London, he was geographically separated from the two; it also appears that he never did share Watson’s view of the project as either a grand adventure or as a sport-like competition.  To the contrary, in his own autobiography, discussed in the next section, Wilkins (2005) repeatedly emphasizes his own view that science should be fully cooperative and his distress over the competitive elements that are celebrated in Watson’s account.  


Franklin was cast by Watson (1968) in the role of an outsider whose stubborn opposition was to be overcome rather than won over.  This was partly because of her conflict with Wilkins, partly because of her gender – a female in what was still very much a male club, as Watson acknowledges in a couple of passages.  Both Crick and Wilkins deny this allegation, pointing to the presence and complete acceptance of many women scientists in the King’s College lab and down-playing the importance of the men-only break room at King’s.  But Crick (1988) does acknowledge that Franklin’s lack of interest in model building may have been motivated in part by a reasonable concern, because of her gender, for her scientific reputation.  It also suits the agonistic and mock-heroic form of Watson’s narrative to have the path blocked by a powerful feminine opponent.  As for Franklin, she had little use for the competition, and seems to have viewed the attempt to solve the structure of DNA not so much as a prize, a sort of “holy grail” of science, but rather as part of an overall extended project of using X-ray diffraction to understand the structure of biological molecules.  Watson’s boyish enthusiasm for the competitive chase, for the grand adventure, seems to have struck Franklin as a distracting nuisance.  “Seems to,” because we have primarily Watson’s word for it, and Franklin left no commentary on the relevant events (beyond the deliberately playful irony of a hand-written invitation to a colloquium in which she and her assistant prematurely declared the “death” of the helical model for DNA).  


From Watson’s (1968) epilogue, it is apparent that some if not most of the antagonistic division of the scientists involved in the process was a product of his own imagination, both at the time and later, when he reconstructed the events in his narrative.  This impression is confirmed by both Crick and Wilkins.  What remains fairly clear, though, is that Watson placed much more emphasis on the competitive aspects of the enterprise than did the other participants, both at the time and in retrospect, and that at least some of his and Crick’s actions were influenced by a playfully agonistic view of the enterprise.  At the same time, it is also apparent that Watson and Crick may also have placed much more emphasis than any of the others did on the more whimsical aspects, including the sheer fun of manipulating their molecular models in Crick’s office:  As Crick put it, in his rather more sober description of one of Watson’s serendipitous discoveries, “play is often important in research” (1988: 66). 

6.3.  Extended cognition 

Andy Clark (1997: 61) cites the routine use of paper and pencil to do long multiplication and division as an example of the external environment becoming an extension of mind.
  Clark argues that much of human intelligence and creativity is accomplished by thus constructing physical systems that organize the environment in such a way that it is optimally suited to our limited cognitive capacity.  Watson and Crick’s approach to solving the structure of DNA involved numerous such externalized extensions and amplifications of their cognitive processes.  


The most obvious of the externalized extensions of cognition is the device of constructing three-dimensional representation of the four bases known to make up DNA, which Crick and Watson copied with considerable relish (according to Watson) from the approach used by Linus Pauling in solving the similar puzzle of the structure of the polypeptide chain.  Long before the duo had assembled the molecular information they would eventually need, they assured each other that “perhaps a week of solid fiddling with the molecular models would be necessary to make us absolutely sure we had the right answer” (Watson 1968: 55).  As in many other instances, Crick gives a more conventionally “serious” explanation for the importance of models:  “What Pauling did show us was that exact and careful model building could embody constraints that the final answer had in any case to satisfy.  Sometimes this could lead to the correct structure, using only a minimum of the direct experimental evidence” (1988: 60).  If Clark’s argument for the role of embodied interactions with the physical environment is valid, as the extensive research reviewed by Gibbs (2006) suggests that it is, then the “fiddling” with models provides not merely a way of testing insights against the constraints represented in the models, but also a separate perceptual experience, muscular as well as visual, independent of and interacting with their linguistic and mathematical formulations. It is one thing to describe a helix; quite another thing to see one and manipulate it. 


Watson and Crick attempted to interest the team at King’s College in the model-building approach, but Wilkins did not seem to grasp the possibilities, and Franklin seemed outright hostile:  “the idea of using tinker-toy-like models to solve biological structures was clearly a last resort… only a genius of his (Pauling’s) stature could play like a ten-year-old boy and still get the right answer” (Watson, 1968: 51).  Here as elsewhere it is not evident to what extent this passage accurately represents Franklin’s views, but it is apparent from other sources that both she and Wilkins believed that it was necessary to solve the underlying structure mathematically before any attempt at constructing a physical model could possibly succeed (Sayre 1975; Wilkins 2005).  Franklin’s assessment of the model-building enterprise could only have been reinforced by the results of Watson and Crick’s first attempt, in which they built a model based on an inaccurate representation of the shape of the bases and, much more seriously, on a radical underestimation of the amount of water present in the molecule (Watson, 1968: 54).  Crick (1988: 68) gives a slightly different explanation of Franklin’s disdain for model-building:  “Rosalind… wanted to use her experimental data as fully as possible.  I think she thought that to guess the structure by trying various models, using a minimum of experimental facts, was too flashy.”  After denying that Franklin was handicapped by sexism in the laboratory, Crick goes on to suggest that her insistence on a meticulous, data-based approach to solving the structure may in fact have been in part due to a desire “to be treated as a serious scientist” (1988: 69) and to acknowledge that gender differences may indeed have played a role.  “She lacked Pauling’s panache.  And I believe that one reason for this, apart from the marked difference in temperament, was because she felt that a woman must show herself to be fully professional.  Jim had no such anxieties about his abilities.  He just wanted the answer, and whether he got it by sound methods or flashy ones did not bother him one bit” (1988: 69).  


Watson and Crick’s initially disastrous mistake with respect to the water content of the molecule, due in large part to Watson’s failure to take notes at Franklin’s lecture on her work thus far, underscores Clark’s point about paper-and-pencil as an extension of cognitive processes.  Perhaps learning from his initial mistake, on the train back to Cambridge from a later visit to the King’s College lab where he had got a glimpse of Franklin’s best photograph of the molecule, Watson sketched the image on the margin of a newspaper to be certain he did not forget crucial details.  The X-ray diffraction technique (including the mathematics required to interpret the diffraction photos) is itself an excellent example of the human ability to re-organize the physical environment in a way that renders it susceptible to our limited cognitive capacity (Clark, 1997).  Like the three dimensional model Watson and Crick built, the X-ray diffraction technique draws visual perception into the cognitive realm, along with a rich array of simulators activated (for a scientist with sufficient experience) by the pattern of light and dark spots on the photographic plate.  

6.4.  Distributed cognition  

“Advanced cognition depends crucially on our abilities to dissipate reasoning:  to diffuse achieved knowledge and practical wisdom through complex social structures, and to reduce the loads on individual brains by locating those brains in complex webs of linguistic, social, political, and institutional constraints.” (Clark 1997: 180).   The most obvious example of distributed cognition is the basic duo of Crick and Watson, represented in Watson’s (1968) account as if they formed a cognitive unit throughout.  Sometimes they feed each other’s mania; sometimes one acts as a brake on the other’s enthusiasm: “Francis, however, remained lukewarm, and in the absence of any hard facts I knew it was futile to try to bring him around” (Watson, 1968: 77).  Crick puts it slightly differently, emphasizing the mutual criticism:  “If either of us suggested a new idea the other, while taking it seriously, would attempt to demolish it in a candid but nonhostile manner….  The advantage of intellectual collaboration is that it helps jolt one out of false assumptions” (1988: 70). 


The basic two-person team worked within a looser and more extended structure that included some scientists who were frequently consulted, and others who introduced key information (or in some cases, scotched distracting ideas) at crucial points during the process.  For example, when Watson came across Chargaff’s report that adenine and thymine molecules are present in DNA in approximately equal numbers, as are the guanine and cytosine molecules, a key piece of evidence was introduced into their cognitive system.  But, “When I first reported them to Francis they did not ring a bell, and he went on thinking about other matters” (Watson, 1968: 83).  Only after a series of conversations with a theoretical chemist, John Griffith, including a speculation about the possibility of “a perfect biological principle,” did Crick begin to think about the possible importance of Chargaff’s findings.  Griffith was committed to an alternative mechanism for DNA replication, but after extensive discussion (over what seems to have been a substantial quantity of ale), he did the requisite calculations and, a few days later reported the possibility that, indeed, adenine and thymine molecules might stick together along their flat surfaces, as might guanine and cytosine molecules (Watson, 1968: 85).  Even with key information in hand, several mechanisms were still missing, but this episode (which extended over several weeks) exemplifies the complex way in which the extended social network both brought in key information and distributed the work of conducting highly specialized computations.  In addition to Griffith, several other scientists, for example Bill Cochran, served as sounding boards for Crick and Watson, listening to their theories and pointing out obvious flaws or bringing additional useful facts to their attention.  


Here also the difference between Watson’s “subversive” account and Crick’s more conventional account is evident.  Both emphasize the limitations of their own knowledge, and at times seem to imply that this fundamental ignorance was important if only because it allowed them to remain open to new possibilities that a more knowledgeable person might dismiss out of hand.  But Crick acknowledges that this ignorance about key scientific facts is contrary to conventional expectations: “We have also been criticized because we had not perfectly mastered all the very diverse fields of knowledge needed to guess the double helix, but at least we were trying to master them all, which is more than can be said for some of our critics” (1988: 74).  Given the number of very diverse disciplines necessary for the discovery of the double helix, much less for integrating it into a full account of genetic transfer, this bit of defensiveness seems odd, to say the least.  Watson’s frank admission that the duo of necessity drew on an extensive network of expertise seems much more realistic.  


The intellectual network within which Crick and Watson worked was structured in a complex way.  The core duo, Crick and Watson, seem to have been drawn together not only by a shared ambition but also by an almost instantaneous friendship, and by a shared spirit of adventure and playfulness. The intellectual play of puzzle-solving and the associated scavenger-hunt-like search for key facts and relationships was of course central – but a mutual delight in frivolous parties, pub visits, and chasing “popsies,” in short for all the non-intellectual attractions Cambridge had to offer, frequently shared by Crick’s wife Odile, also provided part of the glue that held the relationship together.  


Relationships with others beyond the core duo were more complex.  Some, like Griffith and Bill Cochran, who also served as a frequent sounding board, seem to have been drawn into their pursuits through a similar enjoyment of the puzzle for its own sake (and a shared delight in the less abstract pleasures of pub and table).  Both Crick and Watson attempted to bring Wilkins into the game, apparently in part because of a genuine friendship between Crick and Wilkins but also in part because, under the “gentleman’s rules” of British science, Wilkins was regarded as having a certain proprietary interest in pursuing the structure of DNA, having begun serious investigations of it first.  Perhaps more important, Wilkins (and his King’s College colleague, Franklin) had possession of the needed X-ray photographs:  “The painful fact that the pictures belonged to Maurice could not be avoided” (Watson 1968: 41).  


Neither Wilkins nor Franklin seemed to share Watson and Crick’s playful approach to the problem, and Franklin seemed, in Watson’s account, actually disdainful both of their adventurous attitude and of their preoccupation with model-building.  These complex interpersonal factors contributed to the development of a relationship that was partly built on Watson’s (and apparently Crick’s) commiseration with Wilkins over his difficulties with “Rosie,” partly on an understated competition between the two groups – understated if only because it is not clear that the King’s College group ever really saw it as a race.  It is unclear, but seems likely that this boyish division of the interested scientists into “teams,” with its implications of aggressive competition, may have justified in Watson’s own mind his act of what he describes as espionage, when he took advantage of Wilkins’s unauthorized action in showing him a recent high-quality photograph taken by Franklin (Watson 1968:  107) and, on the way back to Cambridge copied the details down on the edge of his newspaper.  It does not appear that Franklin was ever told that Wilkins had given away the results of her labors without her knowledge (Sayre 1975).  


In a short passage between the preface and Chapter one, Watson (1968) recounts a little story about encountering Willy Seeds, a scientist who had worked with Maurice Wilkins at King’s College, on a hike up the Obergabelhorn.  “All he said was, ‘How’s Honest Jim?’ and quickly increasing his pace was soon below me on the path.”  Watson makes no further comment about this encounter, and Seeds has no further part in the story.  Although other explanations are possible, this is an odd bit of narrative with which to introduce a tale of scientific discovery, and it seems plausible that Watson remained uncertain about the moral basis of his action in taking advantage of Wilkins’s lapse.   


The relationship with Linus Pauling, at Cal Tech, was more unambiguously competitive, even when Linus’s son Peter joined Crick and Watson’s circle of friends and began to serve as an unofficial conduit of information from his father’s lab.  Perhaps because the spirit of friendly competition was shared, the relationship with Pauling was less ambiguous than that with the King’s College group.  Even so, news from Pauling’s lab sometimes acted as a spur to greater effort, but sometimes added crucial bits of knowledge to the puzzle.  Consulting Pauling’s published work, and imitating his (also published) model-building approach are both generally accepted within the idea of “fair play,” and it does not appear that the relationship with Peter was ever abused to gain privileged information, although it did allow Crick and Watson to learn of new developments in Pasadena long before they were published (a role now played by the internet).  


It is becoming increasingly apparent that suppression is as important as expression in cognitive processes (Clark 1997; Feldman 2006).  As Crick put it, “to obtain the correct solution of a problem, unless it is transparently easy, usually requires a sequence of logical steps.  If one of these is a mistake, the answer is often hidden, since the error usually puts one on completely the wrong track.  It is therefore extremely important not to be trapped by one’s mistaken ideas” (1988: 70).  Several members of Watson and Crick’s extended social network played this role on various occasions, pointing out errors in their thinking or providing new evidence that contradicted a hypothesis, and as Crick points out, the two continually played this role for each other.  Franklin herself performed this role at an early stage, providing information that proved Crick and Watson’s first attempt at a model impossible.  When they had finally found the right model, Franklin performed an equally valuable function of confirmation.  (Incidentally, the magnanimity of her demeanor on this occasion seems to have given Watson his first inkling that he might have previously treated her unfairly.) 

6.5.  Managing the assembly and flow of information  

Examining Watson’s account of the discovery of the double helix as an instance of distributed cognition leads to an interesting view of successful science as a process of information management.  Certainly Watson contributed some key insights, although he attributes many of the most important insights to Crick.  What both Watson and Crick seem to have been very good at was the combination of bringing together needed data and needed computational resources and the all-important prior step of recognizing what is needed and what is not needed.  This process of knowledge management is accomplished in many different ways – pubs and parties with au pair girls may be more fun than e-mail and (for the most part) academic conferences, but even here I would argue that the spirit of adventure and fun may play a more central role than we have been willing to recognize.   


The spirit of adventure and play, fore-grounded by Watson’s language, by his racy narrative style, and by the structure of the narrative, may not be a necessary component of this process of managing knowledge, at least not in quite the extreme form suggested by this book.  It does seem evident that the shared spirit of adventure and play is at least part of what brought Crick and Watson together and kept them working together, and that it contributed to the way the social network of scientists was constructed.   As will become evident in the next section, the absence of a shared spirit of adventure and play seems to have had a deleterious effect on the work at King’s College. 

7.  The view from King’s College

Watson’s account is written in a spirit of grand adventure, and describes an extended social and cognitive network, with at least three levels of involvement, all organized around the central duo.  Where opposition is encountered, it is overcome in a manner consistent with the underlying spirit of play, competition, and adventure.  The limitations of Watson’s grant are overcome first by ignoring them, then by renegotiating them, and again by ignoring the limits apparently imposed by the renegotiated grant.  Rosalind Franklin’s opposition to the model-building enterprise and to any real collaboration with either Wilkins or the Cambridge team is overcome by an act of espionage, abetted by cultivating Wilkins’s sympathy and appealing to Wilkins’s sense of collaboration. 


Wilkins’s (2005) account also describes an extensive external network, but what should have been the crucial internal collaborative link, with Franklin, is blocked by conflict.  Where Watson describes a playful adventure, Wilkins describes a frustrating struggle.  In his account, Watson almost revels in his own boyish displays of rebelliousness, insensitivity, and even obtuseness, Wilkins tells his “side” of the story in a spirit that combines defensiveness with self-justification and an overall lack of humor.  


It appears from various passages that Wilkins’s (2005) autobiography was written in part as a response to Sayer’s (1975) biography of Rosalind Franklin, in which Wilkins was implicitly accused of sexism because of his conflict with Franklin.  In several passages, Wilkins emphasizes his family’s involvement in the suffrage movement, the large number of women working in the King’s College lab, both as scientists and as technicians, and his own collegial relationships with several of these women.  Although there is an air of defensiveness about many of these passages, Wilkins’s explanation of the role played by Randall in precipitating a hostile relationship between Wilkins and Franklin is consistent with other accounts, including Sayre (1975).  


In a letter to Franklin, which Wilkins did not see until much later, Randall implied that both Wilkins and Stokes would cease to work on DNA, leaving Franklin, assisted by Gosling, with primary responsibility for the study of DNA.  This impression was reinforced by the fact that Wilkins, away on vacation, was absent from the first staff meeting at which Randall and Gosling briefed Franklin on the project (Wilkins 2005: 144-145).  Although Wilkins protests that he had subsequently made his continued interest in DNA clear to Randall, he describes his own attitudes as lukewarm toward the project as late as 1949 and 1950, up until just before Franklin arrived.  For example, “Having given up the somewhat inhuman study of physics, we were disinclined to make physical study of the seemingly non-living, static structure of DNA.  I was distracted by making new kinds of microscopes to study living cells.” (Wilkins 2005:  115).  It was only after Franklin’s appointment, during the holiday that prevented his attendance at the crucial first staff meeting with Franklin, that Wilkins gained the insight that concentrating on X-ray study of DNA would provide the best avenue for pursuing his original interest in genes.  Certainly Randall would have done better to have given Wilkins a copy of the letter to Franklin, but Randall’s assumption that Wilkins was not interested in pursuing the DNA problem does not appear to have been unreasonable, given Wilkins’s frequent negative comments. 


Wilkins downplays the possible role of his own previous “cold attitude” toward X-ray analysis in Randall’s decisions, and emphasizes instead the role of Randall’s desire to renew his own research program through a closer involvement in the DNA work:  “Randall may have hoped to achieve that closer link with Rosalind since she was directly responsible to him” (2005: 145).  Whether Randall indeed “intended to manoeuvre me out of the work” (2005: 146) or was simply responding to an understanding of Wilkins’s ambivalent attitude toward the project that he had gleaned from previous casual comments is uncertain.  From his own account, it seems possible that Wilkins became genuinely interested in DNA only after he had all but given the problem away, first by his apparent lukewarm attitude toward it and second by his suggestion to Randall that the newly-hired Franklin be assigned to the project.  Wilkins admits the possibility that his own remarks led Randall to conclude that he was ready to leave the study of DNA.  “It is true that I had often said that I found more joy in microscopes and watching living cells, whereas X-ray study of static structures was rather a bore.  But I certainly never said to Randall that I was going to give up the DNA X-ray work….  Whether I made my feeling about ‘dynamic DNA’ clear to Randall I do not know, but I always assumed I had” (2005: 148).  Nonetheless, he accuses Randall of ruthlessness, and implies that Randall may have been responsible for the conflict that barred Wilkins and Franklin from working together as a team:  “(Randall) may have kidded himself that he could persuade me to drop out of DNA X-ray work:  what would he lose by trying?  But how much did Rosalind and I lose by the ‘Wilkins and Stokes are leaving’ story?  If Randall had not barged in it might even been that Rosalind could have worked happily alongside Stokes and me…” (2005: 149). 


The language of this passage is very telling:  “barged in” activates a sense of uninvited intrusion (an interesting contradiction with Randall’s administrative role).  In the paragraph that follows, Wilkins accuses Randall of modeling himself after Napoleon (echoing a characterization that also appears on p. 101), a metaphor that carries implications of strategic brilliance and conquest as well as tyranny and destruction, only to contradict many of these implications by relating a story of an artist commissioned to paint a portrait of Randall who characterized him as “frail,” “uncertain,” and “anxious.”  The “Napoleon” characterization also seems to contradict Wilkins’s earlier description of Randall’s lab, “especially in its early years,” as “rather casual about organizational boundaries” (2005: 147), a description that seems intended to justify Wilkins’s own subsequent actions in “barging in” on Franklin’s work with DNA.  


Early in his description of the working conditions at King’s College, Wilkins relates that he and Randall, every year or so, “had a stand-up row, and nearly always he would give in….  When we had such a row we were open – we said what we thought and we heard what was said” (2005: 103).
  Yet in his explanation of the on-going conflict with Franklin and the underlying ambiguity of his own role with respect to the DNA project, Wilkins expresses a reluctance toward direct confrontation and admits that the issue might have been resolved, had he approached either Randall or Franklin directly.  


Wilkins characterizes Franklin’s reaction to his own continued interest in the DNA project in terms of annoyance and even outright hostility.  As he was leaving the building in July, 1951 (six months after Franklin arrived), “Rosalind Franklin came up to me and announced, quietly and firmly, that I should stop doing X-ray work.  She concluded with the instruction:  ‘Go back to your microscopes!’” (2005: 142).  In the same paragraph he compares his reaction to this to a previous incident when a professor who was doing an illegal experiment on a live cat abruptly kicked him out of a lab, then goes on to ascribe motives of jealousy to Franklin.  “She had been in our lab for more than six months, and I had found her friendly enough, apart from sometimes being a little sharp with her tongue.  She seemed a high-principled, civilized person.  I felt that there might be something about my talk (possibly its success) that had disturbed her…” (2005: 143).  


Throughout this long passage about the ambiguity in Wilkins’s relationship to the DNA project subsequent to Franklin’s arrival, he seems to move back and forth between hints, and even outright allegations, of scheming against himself (Randall wants him out of the way; Franklin is jealous of his success) and admissions of his own earlier ambivalence about the project.  It is evident that Wilkins never asserted his own sense that he had a claim to a part in the DNA project, or even made clear his continued interest, either to Franklin or to Randall.  It is also evident that communication within the King’s College group was far less open and free than it was within the Cambridge group.  Indeed, it appears that communication was better between King’s College and Cambridge than it was within the King’s College lab – Wilkins talked more freely about DNA with both Crick and Watson than with either Franklin or Randall.  


Wilkins’s account gives several hints of an undertone of sexual tension in his relationship with Franklin that may have exacerbated the sense of conflict between them.  When he first introduces her Wilkins describes Franklin as “quietly handsome with steady, watchful, dark eyes,” and relates that she “did one thing I had not noticed other women do in our lab:  she placed a small mirror on the wall so that it faced her as she sat at her desk.  It seemed too small to allow her to see who was behind her at the office door, and at the time I wondered whether she was anxious about her appearance.”  The observation that Franklin may have been anxious about her appearance contrasts interestingly with Watson’s ruminations about how Franklin might look if she would “do something interesting with her hair” (Watson 1968: p. 51) – but it scarcely constitutes a convincing defense against Sayre’s (1975) accusations of sexism!  During Franklin’s early months at King’s, Wilkins and Franklin often lunched together on Saturday, often with others from the lab but sometimes alone.  “I found Rosalind pleasant to talk to but occasionally a small spikiness would show.  For example, after we had eaten fruit salad and cream, I remarked that the cream had been good.  Rosalind replied coldly, ‘But it was not real cream.”  I was amused but said nothing, not having had the advantage of living in post-war Paris where food was not rationed as it had been in Britain” (Wilkins 2005: 132).  “I was amused but said nothing…”  Obviously Wilkins was amused by but not with Franklin:  the turn of phrase carries an implication of superiority and judgment.  “Coldly” is also interesting here:  Without the metaphor the sentence would still convey the intended contrast between conditions in post-war Paris and post-war London, and adequately illustrate Franklin’s alleged “spikiness.”  “Coldly” activates a set of social as well as visceral schemas that contrast sharply with the characterization of Franklin, at the beginning of this passage, as “pleasant to talk to.”   Consider how differently this passage would read if “playfully” or “thoughtfully” were substituted for “coldly.”  


Implications of an underlying sexual tension are more explicit in Wilkins’s ruminations about the possibility that he could have had a romantic relationship with Franklin, based on similar family backgrounds and interests.  “My rather juvenile attitude towards women caused me to seek special liveliness in beauty, spirit or artistic interests, especially in ‘shy young women’ (as Eithne called them), and that for me ruled out any romantic interest in Rosalind” (2005: 133).  Franklin apparently did have both spirit and artistic interests (Sayre, 1975), but she was certainly no “shy young woman.”  


A while after the “Go back to your microscopes” encounter (and after a long digression about Randall’s apparent “scheming” to take over the DNA problem) Wilkins relates that his weekly lunches with Franklin had already petered out.  (They apparently didn’t last long.)  

I was still, after several years, seeing my Jungian analyst… and he suggested I should invite Rosalind to dinner so that we could get to know each other better….  I went to see Rosalind on a very warm afternoon, and found her in a large lab….  She was sitting on the floor in a labcoat and seemed quite willing to talk.  The work must have been hard, for she was sweating in the heat, but she did not seem to mind the very close atmosphere in the lab.  In those days before deodorants we were all used to smelling rather bad after some physical exertion, but in the stifling lab I found myself quite unable to imagine sitting down to dinner with Rosalind that day.  I very much admired her hands-on approach to the work, and respected the effort she was making, but I could no longer face the challenge of a sociable evening with her.  I seemed to forget that our dinner was meant to be the means to a very worthwhile end:  that of developing a better relationship about our research.  Instead, I drifted away. (Wilkins 2005: 150-151).    


In the long first section of his autobiography, Wilkins confesses to an early awkwardness around women, an awkwardness that extended well into his twenties.  The rather strange passage about the encounter in the laboratory suggests that the awkwardness was still very much a factor in Wilkins’s response to Franklin.  She “seemed quite willing to talk,” but her no doubt earthy, animal odor, after an extended period of physical exertion on a warm day, presented an insurmountable barrier.  “In those days before deodorants,” it seems unlikely that Wilkins would have felt nearly so strong a wave of disgust in the presence of a sweaty male scientist under similar circumstances.  


So the picture we have from Wilkins is one of a situation in which key members of the team (Wilkins, Franklin, and Randall; we don’t know about other team members) were distrustful of each others’ motives, relationships among team members were fraught with sexual tensions and resentments, and attempts at socializing were at best awkward.  There is little of the sense of exuberant playfulness that Watson describes in Cambridge.  The occasional effort at “grooming” (Dunbar 1996) and playful casual interaction misfires or leads nowhere, and the mutual mistrust completely blocks the kind of frank mutual criticism that Crick found so vital to his collaboration with Watson.  


 Wilkins’s more serious and less playful approach to science may also have contributed to his failure to see the importance of the one-to-one ratios between guanine and cytosine, and between adenine and thymine, which proved crucial for the Cambridge team.  Wilkins tells us that “my considerable respect for Chargaff may have led me to misinterpret his caution about base-pairing” (2005: 152).  The implication is that, if Chargaff did not consider the ratios to be adequate evidence that these bases were actually paired, there was no reason for Wilkins to pursue the possibility further.  Nonetheless, Wilkins must have had some sense of the importance of these ratios:  back in London, he tells us that he wanted to tell Franklin about Chargaff’s evidence, but she also wanted to tell him about her new X-ray results.  “I tried to finish what I was saying, because Chargaff’s evidence seemed so basic to our work, but she stopped me again by remarking, in a cool, amused way, that it seemed that I did not want to hear what she had to tell me….  Her quiet air of confident superiority disturbed me.  I stopped talking and asked her to tell me what she had done” (2005: 154).  Again, Franklin is “cool”; here it is she, not Wilkins, who is “amused.”  “Her air of cool superiority – a look I have never forgotten – temporarily undermined my self-confidence, and gave me a brief feeling of panic” (2005: 155).  Echoing Watson’s more humorous descriptions of encounters with Franklin, Wilkins concludes this passage with the comment that “Rosalind could be terrifying” (2005: 156).  


In following passages, Wilkins describes his own retreat from confrontations with Franklin that might have led to a more candid sharing of information and insights, and admits that a more forthright assertion of his own interests might have led to clarification of the situation and a more open communication within the lab.  It is clear that the interpersonal tensions, originating in the ambiguity about work assignments but probably reinforced by Wilkins’s ambivalent and often quite awkward response to Franklin as a woman, prevented either of them from engaging each other in anything like the spirit of “extended cognition” that characterized the relationship between Watson and Crick, or for that matter, the relationship of both Watson and Crick to other scientists at Cambridge that they consulted and drew upon.  

8.  The Double Helix and its consequences  

The three autobiographical accounts of the discovery of the double helix differ in several ways.  Watson’s account is fictionalized in the sense that it follows the conventions of popular fiction, including a relatively rapid pace, an emphasis on the hero’s quest, initial setbacks, opposition, and eventual triumph.  Watson manages to get in a good deal of the science (as both Crick and Wilkins somewhat grudgingly admit), but he does so in a way that never interferes with (and indeed often amplifies) the suspense – and the fun.  Both Crick and Wilkins acknowledge that Watson’s account is accurate in most respects, but Crick in particular seems to object to the emphasis on the chase, and on the drama of the pursuit:  “It is the molecule that has the glamour, not the scientists” (Crick 1988: 67).  Consistent with this preference, Crick structures his book in a way that gives far more weight to the way the structure of DNA, once it was discovered, fit within the continuing attempt to understand the basis for biological heredity.  In a mostly positive review of the BBC docu-drama about the discovery of the double helix, Life Story, Crick complains that the movie dwells on the moment of discovery as one of great illumination and finality.  In contrast, he points out, neither the helical structure nor its biological significance were fully established until many years later, and Watson was so uncertain at the time that he resisted even mentioning the potential biological significance for fear that they would be made to look foolish if some crucial mistake were discovered.   


Watson’s casual sexism in his treatment of Rosalind Franklin (“Rosie”), along with the implication that it was shared by other male participants precipitated critical responses including Sayre’s (1975) feminist biography of Franklin, which in turn led to an extended defense in Wilkins’s (2005) autobiography and a somewhat shorter defense in Crick’s (1988) account.  More important for the present purposes, Watson’s account stands more or less unique within the genre of scientific autobiography in its candor about the human weaknesses and foibles of scientists and, most important of all, in its exuberant celebration of the spirit of play that infuses scientific work.  

9.  Cognition as a social activity 

An emerging theme through all of this is the contrast of myth and reality.  The myth of scientific discovery is the lone scientist, alone in the lab, late at night, painstakingly amassing facts, connecting them through the sheer power of his
 brilliant logic until the truth reveals itself, beyond mistake, doubt, or challenge.  This may be true or may have been true of some scientists making some discoveries under some circumstances, but The Double Helix, along with all the subsequent criticism, commentary, and alternative accounts, paints a different and, frankly, more interesting picture.  


If we are to believe Watson, he and his good buddy Crick did not actually do any experiments on DNA.  They each did experiments on other molecules but with respect to DNA they scarcely fit the image of lone scientists hard at work at their lab bench.  They were part of a network of scientific information, distributed cognition in a very broad sense.  Given the complexity of the problem they tackled, there were many facts to be assembled and analyzed, facts that required an extensive array of skills as well as background knowledge even to understand, much less to gather.  Books were not sufficient – at a crucial point it turned out that even the most current organic chemistry textbooks contained a crucial error that required very specialized expertise to detect and correct.  Obtaining the DNA samples for analysis required yet other skills.  Crick (1988) was a little defensive about this point but it would seem wastefully time-consuming for one person to try to master all the necessary knowledge, the facts and the skills needed to make sense of those facts, when there are other people available, who already have these skills.  A single scientist working alone might in time have succeeded in mastering all of the specialized knowledge needed for the discovery – but it seems evident that a network of scientists with complementary knowledge and skills is a much more efficient way to get the work done. 


The myth has it that the scientific thinker reasons his way to a solution by pure force of logic.  But as Crick (1988) points out, when reasoning about a complex phenomenon such as DNA, there are multiple opportunities to make errors.  So even in the process of reasoning, the discovery of the double helix required extended cognition, the two principle players testing and correcting each others’ logic and, on several occasions, bringing in outsiders to test and correct their logic.  Here again, it is possible for a scientist, working alone, to critique his or her own logic, find and correct the errors.  But it can be done much more efficiently by multiple scientists, interacting in a spirit that playfully combines competition with cooperation. 


Restrictions in the power of purely internalized cognitive processing are also evident in the important role of model-building.  In some circumstances, drawing diagrams, building models, even doodling on a cocktail napkin may simply be a way of stimulating imaginative processes.  But human beings have a cognitive capacity that is very restricted, relative to what we often attempt to accomplish with it.  As Crick (1988) explains, the models he and Watson built captured key constraints in a form that could be (physically as well as conceptually – see Gibbs, 2006) grasped.  In principle, this could have been accomplished without the aid of physical models, but to do so is much more intellectually demanding, and in any event would almost certainly require an alternative form of extended cognition, such as a pencil and notepad.  

9.1.  Science is work  

Several years ago, at a workshop on the topic of motivating students, I was seated at a table with a young mathematician who, in response to my query about his research, described a rather elegant set of ideas in tones of obvious relish.  “It sounds like fun,” I observed.  He agreed that he enjoyed it very much.  Then I asked if he tells his students how much fun it is.  His reply:  “But mathematics is work.”  It didn’t help when I pointed out that skiing, sail-boarding, mountain-climbing, and crossword puzzles are all work.  I never could convince him that it might be helpful to tell his beginning math students how much fun mathematics can be.   


Math is indeed work.  Science is work.  But, as taxing as science is, depending as it does on skills that take years to develop, at its best science is jolly good fun.  That’s the dirty little secret Watson revealed to the world:  Don’t feel sorry for scientists in their cold, drafty labs – they’re having fun!  (And not all of their work is done in cold, drafty labs.  Some of it is done in pubs and restaurants, at parties, on hiking trails and ski slopes.)  


At first it might seem like a motivational thing – of course science is rewarding or people wouldn’t keep doing it.  But Watson’s account suggests more than that.  The fun, the play, may be integral to the work of science.  And indeed, given that playful behavior is so ubiquitous among the higher animals, and whimsical play among all human cultures, playful behavior must have functions beyond merely rehearsing for adult roles.  Three possible social-cognitive functions of play are apparent in Watson’s account. 


Most obviously, play is an important part of imagination and exploration, as evidenced by commonplace phrases such as “play with ideas” (Byers, 2007).  Often when the playful person inverts reality all that is discovered is nonsense – but once in a while, what is discovered is a new and interesting, sometimes even useful, alternative reality.  So, yes, as Crick insists, the models of the four bases were very serious business, a way of representing the constraints of chemical bonds.  But the human predilection for manipulating things, moving things around, playing with things is itself crucial.  Handling the models provided a direct access, by way of muscles and joints as well as visually, to areas of the brain needed to assemble the completed abstract simulation of the DNA molecule.  The play was a nearly-indispensable part of the work. 


Play is also an important part of what Dunbar (1996) calls grooming.  Playful behavior gives pleasure to self and others, and shared pleasure helps build and maintain social bonds.  Building models together, punting on the River Cam, a bit of horseplay, flirting with the au pair girls at one of Odile’s parties, having a couple of pints at the local pub, trading jokes and outrageous puns:  All of these contribute to building and maintaining the social network so it can also function as an extended cognition network (see for example Plester & Sayers, 2007; Terrion & Ashford, 2002). 


Third, the competitive form of play interacts with the whimsical form in a way that both stimulates and softens the sting of criticism.  Crick makes a point, rightly I think, of the crucial role of mutual criticism in testing and refining an argument.  But Watson’s account makes it clear that this was, at least between the two of them and usually between them and others in their cognitive network, stimulated in part by competitive play and softened by more whimsical forms of play (Norrick, 1993, makes a similar point about the role of playfully aggressive humor in close relationships).  

9.2.  “No gurlz aloud.”  

Watson’s candor about the treatment of Rosalind Franklin (“Rosie”) makes special sense in the context of the crucial role of grooming – gossip and play in its various forms – in building and maintaining “coalitions” (Dunbar 1996), the extended cognition networks that so effectively amplified the cognitive reach and powers of their members.  As the subheading of this section is intended to imply, there is something in Watson’s description that is reminiscent of Ben Waterson’s Calvin and Hobbes, and of course many other depictions of the pre-adolescent “war between the sexes.”  Watson describes the competitive aspects of the “race” for the double helix (downplayed in both Crick’s and Wilkins’s accounts) as a kind of “team sport,” and “Rosie” is almost reflexively assigned to the other team.  As Crick (1988) protested regarding the movie, Life Story (Jackson 1987), this and other elements of the account are apparently emphasized for dramatic purposes – but the underlying pattern is consistent with both Crick’s and Wilkins’s accounts.  


It is possible that a male scientist, introduced into the lab at King’s College under similar circumstances, might also have become engaged in a conflict-ridden relationship with Wilkins, and it is also possible that Wilkins’s attempts at “grooming” with a male colleague might have misfired as badly as his actual attempts with Franklin did.  But it seems apparent that the sexual tensions Wilkins experienced aggravated the relationship and may have precluded the kind of playful behavior – joking, teasing, mock aggression – that might have defused the competitive tensions between two male colleagues under comparable circumstances.  Sayre (1975) takes pains to portray a playful side to Franklin’s personality, but she admits that it did not seem to come out in Franklin’s relationship with her colleagues at King’s, and it appears from Crick’s and Wilkins’s accounts as well as from Watson’s account that she held herself aloof from any kind of playfulness or casual gossip.  The awkwardness and constraint was apparently mutual.  


From recent commentary, it is apparent that women engaging in traditionally male endeavors such as politics and science may continue to face an unexpected obstacle, not in perceptions of job-related competence, but in expectations related to playfulness.  In a recent commentary on National Public Radio, Norris (2006) pointed out that, in the United States, presidential candidates show their “human” side by being photographed in such activities as jogging in warmups, doing physical labor around the yard (or for candidates from Texas or California, around the ranch) in blue jeans, and playing golf – but voters give high credibility ratings to women only when they are dressed in business attire and photographed in a serious, power-related setting.  Crick (1988) speculates that Franklin’s reluctance to engage in model building may have stemmed in part from a desire to be taken seriously as a scientist and a fear that “playing around” would distract from her professionalism – a fear that would not even have occurred to either Crick or Watson.  Wilkins’s attempt at reconciliation with Franklin was derailed by the earthy smell of her sweaty body after a long afternoon of exertion in an overly-warm laboratory.  Watson was distracted during Franklin’s seminar by ruminations about her physical experiences.  


Inclusion of Franklin in the “extended cognition” network under these circumstances would not have been necessarily impossible, even during the early 1950s.  Nor would it have been necessarily impossible for her to join in the play, the spirit of fun that helped to motivate Watson, Crick, and several of the other players, and to bind them together as a cognitive unit.  But it does seem plausible that the undertone of interpersonal discomfort introduced by the unacknowledged sexual tensions and gender stereotypes may have interfered with this kind of inclusion.  Even more immediately, it appears that Franklin was at least in part in thrall to the “myths of science” discussed in the previous section.  It seems that, for whatever reason (the subtle opposition of her family, as Crick speculates, her uncertainty about the decision to leave Paris and return to London, which Sayre relates), Franklin felt a need to establish and maintain her credentials as a serious scientist.  Joining into an apparently juvenile, playful approach to the enterprise would have seemed quite at odds with the image of professional competence she wished to project.  

10.  Conclusion 

Conventionally social cognition refers to how people think about social relationships and interactions, their social schemas, and conversely how people’s social schemas influence their social behavior and thereby help to shape their relationships and interactions. Clark (1997) and Hutchins (1995) argue that cognition, information processing in a general sense, is itself an embodied behavior, and is often distributed across members of an interacting group or team.  I have argued elsewhere (Ritchie 2006) that schemas of relationship and of conversational interactions in general are activated as part of what Sperber and Wilson (1986) call the cognitive context, along with schemas of the current interaction and the relationship within which that interaction takes place.  A communicative act may be relevant to, hence connect with and alter, relationship and interaction schemas as well as any other activated schemas.  In brief, the relational and interactive schemas of social cognition are embedded in people’s “cognitive environments” at all times, and may be reshaped even as they shape individuals’ communicative actions and interpretations.  The independent relationship and conversation schemas of each participant in a particular interaction activate partial simulators that influence how that person interprets others’ communicative acts and shape that person’s responses.  Thus, independent relationship and conversation schemas interact by way of the conversation itself to shape a collectively experienced “social reality,” social cognition at the extended-cognitive level of an interaction group. 


“Myths of science,” widely-shared sets of ideas and expectations about how science is conducted and about the role of a scientist, are part of the cultural background that contributes to and shapes scientists’ (and others’) ideas about science and about science communication.  Elements of these commonplace ideas about science are available to be taken up into the social relationship and conversation schemas of each individual, and thus to shape communication among scientists, including the degree to which they participate in extended cognitive networks or strive to “go it alone.”  The events and interactions involved in the discovery of the double helix nicely illustrate the way various participants’ ideas about science and about science communication shaped their science-specific social schemas and consequently their communicative behavior.  


An implicit part of every conversation is maintaining the conversation itself, as well as the relationship within which it takes place (Clark 1996).  We often tend to think of “phatic” communication as separate from the “serious” parts of a conversation, particularly when the conversation is about something really serious, like philosophy or science.  But the evidence from our examination of the discovery of the double helix suggests that the non-serious parts of conversation serve a very important function, in the guise of what Dunbar (1996) calls “grooming,” by maintaining a communicative relationship conducive to a free interchange not only of facts but more important of mutual critique and collaborative idea-generation and connection.  Indeed, it seems likely that the play itself may often be an important part of the process through which the “serious” business of conversation is accomplished (Fazioni, 2008).  


This study is of course limited by its unavoidable reliance on retrospective accounts by some but not all participants, each of whom constructed the events through a particular set of ideas about science – and with a certain self-image to construct and project.  The differences among the various perspectives, so evident in examining the tone as well as the focus of the separate accounts by Watson (1968), Crick (1988), then Wilkins (2005), are very consistent with the differences among the three scientists’ roles in the communicative process that led to the discovery, as deduced from evidence in all three accounts.  Rosalind Franklin did not leave an account, but the convergence among the three accounts we do have, not only with respect to her role but also with respect to their own roles and relationships, allows us some limited confidence in attributing to her a certain set of attitudes toward science in general and this series of events in particular.  


In spite of its limitations, this study suggests some interesting avenues for future research and theorizing.  The interaction of playful and figurative with “serious,” topic-related elements in goal-directed conversation, and the role of playful and figurative language in maintaining social structure and advancing the purpose of conversation would seem to merit more attention in future research.  The interaction of different, even contradictory, ideas about the topic of a conversation – or about the conversation itself – as exemplified by the very different expectations and understandings of Franklin, Wilkins, and the Watson-Crick team also merits detailed study in future research.  


A final caveat:  The foregoing analysis could be interpreted as support for a strong constructionist view of science.  Nothing of the sort is intended.  As Crick points out, the double helix would almost certainly have been discovered sooner or later.  If it had been discovered and explained in a very different style by some other research team (or lone polymath researcher), its early exposition and development would probably have been different.  Different errors would have been made and required correction, connections with other topics in biological sciences might have become apparent in a different order, and so on – but the different possible tracks are all constrained by the same set of observable facts, and would gradually have converged on what will, fifty years hence, be the same canonical understanding of the constitution, shape, and function of the DNA molecule.  So, with respect to the long-range concerns of biological science, I must concur with Frances Crick:  “The molecule gets all the glory.”  However, with respect to the continuing attempt to understand human communication, including communication among humans engaged in scientific discovery, exactly the opposite is true:  The relationships and interactions among fascinating, flawed, brilliant human beings get all the glory.  

Notes

�.  According to Wilkins (2003), the title was not of his choosing, but rather was more or less forced on him by his publisher.


�.  We sometimes construct mental models of paper-and-pencil algorithms, which we manipulate in roughly the same way that we originally manipulate the physical objects, and thus learn to do large calculations in our heads.


�. From the extent of the misunderstanding over Franklin’s role it is apparent that the two men very likely did not always hear the same things, but rather quite often heard what they expected or wanted to hear.  


�. The gender stereotype implied by the pronoun, his, is itself part of the myth.  As I discuss in more detail in a later section, gender may have played more of a role than merely the segregated break room and the apparent sexual tension between Maurice Wilkins and Rosalind Franklin.  
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